INTRODUCTION

37
Caseins (CNs) represent ~ 80% (w/w) of the total protein fraction of bovine milk.
1 CNs 38 may be used as an ingredient in a wide range of food products and play an important role in 39 the nutritional and technofunctional properties of food products.
2 Intact CNs may not be 40 suitable for certain applications, such as low pH beverages, due to their relatively poor 41 solubility. One option to improve the limited solubility of CNs, especially at their 42 isoelectric point (pI), is to subject them to hydrolysis with food-grade proteolytic 43 preparations.
3 However, high levels of hydrolysis of the CNs may lead to bitterness. 4, 5 
44
A positive link between bitterness and the occurrence of hydrophobic amino acids (e.g., Pro 45 residues) in peptides has been suggested in several studies. 6 CNs are relatively rich in Pro, 46 which may be contributory to CN hydrolysate bitterness. To date, there is a limited 47 understanding on the role of hydrolytic parameters (i.e., enzyme, temperature, pH, time, 48 substrate, enzyme concentration, etc.) which lead to the generation of bitter peptides. 49
Specific peptidolytic/proteolytic enzyme preparations have been linked with enhanced or 50 reduced bitterness in CN hydrolysates. [7] [8] [9] [10] In addition, the level of hydrolysis may play a 51 role in overall hydrolysate bitterness. Contradictory reports exist on the role of DH in CN 52 hydrolysate bitterness. Increases in perceived bitterness have been shown with increasing 53 degree of hydrolysis (DH) for tryptic -CN hydrolysates.
10 DH values as low as 0.5% may 54 yielded bitterness in CNs hydrolysed with trypsin or a Bacillus proteinase. 8 On the other 55 hand, a significant reduction in bitterness (28 vs. 65%) was observed following utilisation 56 of exopeptidases, which increased the DH of a tryptic -CN hydrolysate from 9 to 20%. 7 In 57 contrast, no correlation between the DH of commercially available sodium caseinate 58 (NaCas) hydrolysates and bitterness was reported.
11 The aim of this study was to determine 59 the relationship between bitterness and DH for a range of CN hydrolysates generated with 60 four different enzyme preparations. 61 Prolyve or FlavorPro Whey) as described earlier.
MATERIALS AND METHODS
62
Reagents
3 Different enzyme to substrate ratios 75 (E:S) and hydrolysis times were employed to generate 18 NaCas hydrolysates having 76 specific DH values (Table 1 ). The liquid enzyme preparations (Alcalase and Prolyve) were 77 used as is for hydrolysates having a DH > 4.0% or diluted in distilled water for the DH < 78 4.0% immediately prior to addition to the NaCas solution. Powder enzyme preparations 79 (FlavorPro Whey and pepsin) were directly dispersed into the NaCas solution. At the end of 80 the reaction, thermal inactivation was carried out at pH 7.0 and 80C for 20 min using a 81 water bath. The DH of the NaCas hydrolysates was determined (n=3) using the TNBS 82 method of 83
Bitterness evaluation of the NaCas hydrolysates 84
The bitterness of the intact and hydrolysed NaCas was assessed using a trained sensory 85 panel consisting of ten assessors (6 females and 4 males) which were recruited within the 86 Department of Biological Sciences of the University of Limerick. These panellists had 87 previously been selected from 17 original assessors, based on their ability to detect sour, 88 sweet, salty and bitter tastes. The panel was trained over 3 sessions using standard caffeine 89 solutions (0, 0.025, 0.050, 0.075 and 0.100 % (w/v) as previously described. Evaluation of the test samples was conducted at room temperature (21C) in sensory 95 evaluation booths located in a room which was lit with 18 W halogen bulbs. At each 96 session, the assessors evaluated one sample set. Each set consisted of intact NaCas and 97 hydrolysates which were generated with either Alcalase, Prolyve, FlavorPro Whey or 98 pepsin to different DH values (Table 1) . NaCas (obtained from the same batch) and 99 hydrolysate samples were resuspended in mineral water (Ballygowan, Newcastle West, Co. 100 Limerick, Ireland) at 0.45% (w/v) protein equivalent and were allowed to 101 equilibrate/hydrate overnight (16 h) at 4C. These samples were then warmed up at room 102 temperature (21C) for 1 h prior to each tasting session. Samples were randomly letter 103 coded (A, B, C, etc.) and were presented to the assessors in a random order. QDA on 104 bitterness intensity (or bitterness score) was reported as a percentage of perceived 105 bitterness, relative to standard solutions displaying between 0 (mineral water) and 100% 106 (0.100% (w/v) caffeine) bitterness. At each session, standards (mineral water and 0.100% 107 (w/v) caffeine solution) were provided to the assessors followed by the test samples which 108
were presented in a random order. Each sample was independently evaluated during three 109 different sessions (n=3). Therefore, each panellist attended 12 different tasting sessions 110 (four hydrolysate sets assessed three times) to evaluate all samples. 111
Statistical analysis 112
One-way analysis of variance (ANOVA) was performed on the mean bitterness scores. 
RESULTS AND DISCUSSION
117
The bitterness scores for the intact and hydrolysed NaCas samples are summarised in Table  118 1. As expected, the mean bitterness score for intact NaCas was low (average bitterness 13.8 119 ± 2.0%). The bitterness of all FlavorPro Whey hydrolysates was similar to that of intact 120 NaCas (p > 0.05, However, the enzyme preparation used was also a determining factor in the bitterness 134 perceived in the NaCas hydrolysates. 
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